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Sunday, February 26, 2012 23aother such regions, but exhibit highly collective mutational correlations. Using
a method from physics(1, 2), we analyzed publicly available sequences of
HIV’s structural protein Gag to discover independently coevolving groups
of residues (termed ‘sectors’) where, mutations within a sector are highly cou-
pled. One sector displayed far more collective constraints than others, sug-
gesting a potentially vulnerable vaccine target. Protein structures revealed
that a large fraction of residues within this sector were located at critical olig-
omeric interfaces of the viral capsid, where multiple mutations would not be
tolerated. Cellular immune responses within natural controllers of HIV were
found to preferentially target these residues. Circulating viral strains se-
quenced from HIV controllers displayed very few multiple mutations in this
sector compared to another sector of similar size. The absence of an immuno-
gen that faithfully mimics the native structure of the heterotrimeric HIV re-
ceptor has precluded experimental attempts to raise broadly neutralizing
antibodies. Using related methods, we are also confronting this challenge.
Our results suggest a new concept in design of vaccines against rapidly mu-
tating viruses.
1. Plerou et al., Phys. Rev. E 65, 066126 (2002)
2. Halabi et al., Cell, 138, 774-786 (2009)Platform: TRP Channels
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Primary afferent (somatosensory) neurons detect a range of physical and chem-
ical stimuli, including temperature, pressure, and noxious irritants. The tran-
sient receptor potential (TRP) channel family has been shown to play a
predominant role in these processes, particularly in regard to thermo- and che-
mosensitivity. TRPA1, otherwise known as the ‘wasabi receptor’, plays a key
role in somatosensation in evolutionarily diverse phyla, including vertebrate
and invertebrate species. Mammalian TRPA1 is expressed by primary afferent
sensory neurons of the pain pathway, where it functions as a sensor of environ-
mental and endogenous chemical irritants, such as allyl isothiocyanate (AITC),
acrolein, 4-hydroxynonenal (4-HNE), and contributes to cellular mechanisms
underlying inflammatory pain. In infrared sensing snakes and insects,
TRPA1 functions primarily as a heat sensor, with only rudimentary sensitivity
to chemical irritants. Therefore, delineating structural elements that contribute
to TRPA1 function also provides insights into the evolutionary process
whereby structural changes to one topologically distinct protein domain can
lead to adaptive variations in physiological function. By comparing human
and rattlesnake TRPA1 channels, we have identified two portable heat sensi-
tive modules within the ankyrin repeat-rich amino-terminal cytoplasmic do-
main of the snake orthologue. Chimeric channel studies further demonstrate
that sensitivity to chemical stimuli and modulation by intracellular calcium
also localize to the N-terminal ankyrin repeat-rich domain, identifying this re-
gion as an integrator of diverse physiological signals that regulate sensory neu-
ron excitability. These findings provide a framework for understanding how
restricted changes in TRPA1 sequence account for evolution of physiologically
diverse channels, while also identifying portable modules that specify
thermosensitivity.
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A biologically necessary property of thermosensory TRP channels (e.g., heat-
activated TRPV1, cold-activated TRPM8) is high sensitivity to temperature
change. DHo values for channel opening are typically 50-100 kcal/mol. The
molecular source of such unusually high enthalpies has posed a persistent
mystery in this field. We postulate here that these arise from a large molar
heat capacity increase accompanying TRP opening, DCP ~ 5 kcal/mol-K.
(This idea is strictly analogous to the huge enthalpies of heat-driven and
cold-driven protein unfolding, which reflect exposure of nonpolar groups to
water, wherein DCP ~ þ15 cal/mol-K per CH2 group). Both DHo and DSo
then become temperature-dependent, and the channel’s opening equilibrium
constant, K, becomes necessarily non-monotonic (‘‘U-shaped’’) with
temperature:lnK(T) ¼ lnK(To)D (DHo(To)/To - DCP) (1-To/T)/R - (DCP/R)ln(To/T)
where To is an arbitrary reference temperature.
The position of the ‘‘U’’ on the T-axis is determined by DHo(To), and the
steepness of its rising arms by DCP. This behavior is a necessary, model-
independent consequence of the First and Second Laws of thermodynamics;
the only question is whether TRP opening exposes enough grease to give ex-
perimental temperature-sensitivity. Simple arithmetic shows that only ~20 hy-
drophobic residues in each subunit need expose themselves to give DHo
values observed in the physiological range. Moreover, the position of the
U-shaped K-vs-T curve on the temperature axis determines whether a TRP
channel would display heat- or cold-activation. According to this picture,
we conclude that (1) heat-sensing and cold-sensing arise from the same
type of conformational change, (2) all heat-sensing TRPs are also cold-
sensing and vice versa (although both rising arms of the ‘‘U’’ may not be
experimentally accessible in a given TRP), and (3) attempts to identify ‘‘tem-
perature-sensor’’ domain differences between heat- and cold-activated TRPs
are exercises in futility.
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TRPV1 and TRPV3 are two heat-sensitive channels activated at distinct tem-
perature ranges perceived by human as hot and warm, respectively. Com-
pounds eliciting human sensations of heat or warmth can also potently
activate them. While in rodents TRPV3 is expressed predominantly in kerati-
nocytes, in humans TRPV1 and TRPV3 are co-expressed in sensory neurons
of dorsal root ganglia and trigeminal ganglion and are known to form hetero-
meric channels with distinct single-channel conductances as well as sensitiv-
ities to TRPV1 activator and inhibitor. However, how heteromeric TRPV1/
TRPV3 channels respond to heat and other stimuli remains unknown. In the
present study, we examined the behavior of
heteromeric TRPV1/TRPV3 channels acti-
vated by heat, capsaicin and voltage. Our re-
sults demonstrate that the heteromeric
channels exhibit distinct temperature sensi-
tivity, activation threshold, and heat-
induced sensitization. Changes in gating
properties apparently originate from interac-
tions between TRPV1 and TRPV3 subunits.
Furthermore, biochemical study demon-
strated interactions between the intracellular
C termini of TRPV1 and TRPV3, indicating
that the recently identified tetrameric assem-
bly domain for homomeric channels also
mediates heteromeric subunit assembly. To-
gether, our results suggest that heteromeric
TRPV1/TRPV3 channels may contribute to
the fine tuning of sensitivity to sensory in-
puts and pain.118-Plat
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Thermal TRP channels are directly activated by ambient temperature changes
and thus play important functions in thermosensation and pain. TRPM8, in
particular, is sensitive to innocuous cold (<22C) as well as chemicals that
can produce cool sensation (e.g. menthol). Previous studies on cold sensitivity
of the channel have been almost exclusively based on steady-state measure-
ments. Single-channel recordings elucidate equilibrium gating kinetics show-
ing that temperature has a most prominent effect on a type of long closures
that separate opening bursts. However, they do not distinguish whether tem-
perature drives channel opening or closing. To resolve such issues we have
developed a rapid cooling apparatus and applied it in combination with rapid
24a Sunday, February 26, 2012laser heating to time-resolve the activation and deactivation of TRPM8. Our
data reveal that temperature mainly drives the deactivation rate of the channel,
which has Q10~10, while the activation rate has typical temperature depen-
dence (Q10~2-3). That is, cooling mainly increases the open probability of
the channel by slowing down channel closing. Thus the cold-sensitive chan-
nels work in an opposite way to the heat-sensitive channels in which temper-
ature drives the opening rate while the closing rate is insensitive to
temperature. But similar to heat activation of TRPV1, the temperature depen-
dence of cold activation of TRPM8 is also strongly dependent on membrane
potentials. At hyperpolarization (60 mV) the deactivation involves an en-
thalpy change of ~40 kcal/mol, while at depolarization (þ60 mV) the en-
thalpy is decreased to ~20 kcal/mol. The reduction of enthalpy reaches ~20
kcal/mol, which far exceeds the electrical energy due to charge movement
(<2 kcal/mol for z~0.8), suggesting that the mechanisms of voltage- and
temperature-sensing of the channel are coupled.
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Magnesium (Mg2þ) is crucial for cellular functions. The Mg2þ-permeable
channel-kinase TRPM6 controls Mg2þ homeostasis in humans, as shown by
mutations of TRPM6 that cause familial hypomagnesemia with secondary
hypocalcemia (HSH). TRPM6 is a member of the melastatin-related subfamily
of transient receptor potential (TRP) channels. In contrast to its well-known
role in human Mg2þ-homeostasis, the gating mechanism of TRPM6 control-
ling Mg2þ influx has remained unknown. Here we show that
phosphatidylinositol-4,5-bisphosphate (PIP2) is required for TRPM6 activity
and Mg2þ influx through TRPM6. Stimulation of the phospholipase-C
(PLC)-coupled M1 receptor or pharmacological depletion of PIP2 potently in-
activates TRPM6. Translocation of over-expressed 5-phosphatase to the cell
membrane to specifically hydrolyze PIP2 also completely inhibits TRPM6.
Moreover, depolarization induced activation of the voltage-sensitive-
phosphatase (Ci-VSP) simultaneously depletes PIP2 and inhibits TRPM6. Ac-
tivation of PLC to deplete PIP2 not only inhibits TRPM6, but also eliminates
TRPM6-mediated Mg2þ-influx. Furthermore, we find that the basic residues
in the TRP domain of TRPM6 are putative PIP2 binding sites. Neutralization
of these residues results in dysfunctional TRPM6. Similarly, these conserved
residues are also crucial to TRPM7 channel function. Interestingly, we find
that TRPM6 and TRPM7 preferentially bind to different PLC isoforms. How-
ever, binding to PLC is not required for PLC-induced inactivation of TRPM6
and TRPM7. Taken together, our data indicate that PIP2 is vital to TRPM6
channel function, and that hydrolysis of PIP2 by PLC-coupled hormones/ago-
nists may constitute an important pathway for TRPM6 gating, and perhaps
Mg2þ homeostasis.
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Transient receptor potential (TRP) channels are an important class of receptors
found widely distributed throughout the mammalian central and peripheral ner-
vous systems. They have been shown to be activated by many stimuli including
temperature, mechano-stimulation, divalent cations and pH.
We have employed a planar patch clamp workstation to study TRPV channels
using a variety of stimuli. High quality data could be achieved with a high suc-
cess rate for obtaining giga-seals (typically 60-80%). TRPV1, TRPV3 or
TRPV4 stably expressed in CHO or HEK cells were activated by ligands
such as capsaicin (TRPV1) or 2-APB (TRPV1&TRPV3) and inhibited by cap-
sazepine (TRPV1), AMG-9810 (TRPV1) and ruthenium red (TRPV1 &
TRPV3). Data will be presented showing activation and inhibition of TRPV
channels by a variety of agonists and antagonists.
TRPV channels are also activated by temperatures >42C (TRPV1) and
>34C (TRPV3). Using a heated pipette, the temperature of the added solution
was increased and then rapidly applied to the cell. Rapid changes in tempera-
ture can be achieved at the cell (within ms), from room temperature up to~65C, whilst continuously recording. Exemplar traces will be presented show-
ing heat activation of TRPV1 and TRPV3 using a range of temperatures. Phar-
macology can also be performed using elevated temperature as the activator of
TRPV1 and direct comparison can be made between the ability of a compound
to block the ligand response, e.g., by capsaicin, and/or the temperature response
of TRPV1 channels. As previously reported in the literature, TRPV3 channels
display sensitization to repetitive stimulation either using the ligand 2-APB or
heat, a phenomenon we also observed.
The ability to distinguish between the different modes of action of TRP
channels may have important implications for drug design and may give
further clues about the physiological and pathophysiological roles of these
channels.
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Vampire bats (Desmodus rotundus) are obligate blood feeders that have
evolved specialized biochemical and physiological systems to suit their
unique sanguinary lifestyle. Chief among such adaptations is the ability to de-
tect infrared radiation as a means of locating hot spots on the skin of warm-
blooded prey. Among vertebrates, only vampire bats and three snake species
(boas, pythons, and pit vipers) are known to be capable of detecting infrared
radiation. These unique creatures have taken thermosensation to the extreme
by developing specialized systems for detecting infrared radiation. As such,
these animals provide a window into the molecular and genetic mechanisms
underlying evolutionary tuning of thermoreceptors in a species or cell type
specific manner. In each case, robust thermal sensitivity likely reflects spe-
cialized anatomical features of infrared sensing pit organs, as well as intrinsic
heat sensitivity of trigeminal nerve fibers that innervate these structures. Here
we show that vampire bats use a molecular strategy involving alternative
splicing of the TRPV1 gene to generate a channel specifically within trigem-
inal ganglia that has a reduced thermal activation threshold. This reflects
a unique organization of the bat TRPV1 gene that we show to be character-
istic of the Laurasiatheria clade of mammals (cows, dogs, and moles), sup-
porting a close phylogenetic relationship with bats. These findings reveal
a unique molecular mechanism for physiological tuning of thermosensory
nerve fibers.
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A TRP Protein From Chlamydomonas Reinhardtii is a Functional Plasma
Membrane Ion Channel Associated to Algae Sensory System
Luis Arias-Darraz, Luis Veliz, Juan P. Vivar, Sebastian E. Brauchi.
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Sensory modalities are fundamental for navigation through an ever changing
environment, therefore, a vital need for moving organisms. Possible to be
found expressed on insects and mammals, TRP channels are known mediators
for cellular sensing. Chlamydomonas reinhardtii is a motile single celled
green algae that swim in fresh water helped by two flagella. C. reinhardtii
cells are able to move guided by photo-, mechano-, and chemo- sensory input,
first detected by membrane receptors and further transduced to the cilia by
a depolarization potential. Although TRP channels seem to be absent in
plants, in silico analyses suggested that Chlamydomonas possess genomic se-
quences encoding for TRP ion channels. Here we described a C. reinhardtii
version of a TRP channel with resemblance to mammalian TRPM channels.
Electrophysiological experiments conducted on intact algae and patch clamp
recordings performed on HEK-293T cells expressing the crTRPM clone were
combined with behavioural studies. Taken together, our results suggest that
a crTRPM channel conductance is strongly associated with sensing and nav-
igation, highlighting the role of these proteins on sensory systems throughout
evolution.
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